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PREPACK 


Authority  for  conducting  the  development  and  tests  covered  by 
this  report  is  contained  in  Task  8P7I-II-OOI-O3,  "Air  Conditioning, 
Van  Type."  A  copy  of  the  task  card  is  contained  in  the  appendix. 

Engineering  tests  were  conducted  from  May  i960  to  March  I96I 
by  John  L.  McDonald,  Project  Engineer,  under  the  supervision  of 
J.  R.  Mehalick,  Chief,  Heatijig  and  Air  Conditioning  Section,  Special 
Equipment  Branch,  Civil  Department. 
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SUMMARY 


This  report  covers  development  eind  testing  of  a  mxfLtipackage , 
self-contained,  air-cooled,  6,000-Btu/hr,  air  conditioning  unit  to 
he  used  in  all  types  of  mobile  trailers  and  expansible  vans . 

Project  8-71-ll-*iOO  was  initiated  in  191^9  for  "the  development 
and  testing  of  two  separate  air  conditioning  units,  one  60-GyGle, 
single-phase,  119-volt,  6,000-Btu/hr  unit  and  one  400-cycle,  three- 
phase,  208-volt,  6,000-Btu/hr  unit.  Unsatisfactory  results  in  both 
units  necessitated  further  development  which  has  been  completed  for 
the  type  I|00  unit  and  is  being  continued  for  the  type  60  unit. 

Testing  of  the  vinits  was  conducted  at  the  U.  S.  Army  Engineer 
Research  and  Development  Laboratories,  Port  Belvolr,  Virginia j 
Electrical  Testing  Laboratories,  New  York,  New  York;  and  Therm-Air 
Manufacturing  Company,  Peek skill,  New  York. 

The  report  concludes: 

a.  The  6,000-Btu/hr,  standard -weight,  multipaokage ,  6o-cycle, 
air  conditioning  unit  (type  6o)  in  the  present  stage  of  development 
meets  the  requirements  of  the  military  characteristics  and  the  ijur- 
chase  description  except  for  low  cooling  capacity  and  suspected  low 
condenser  fan  motor  horsepower. 

b.  The  6,000-Btu/hr,  standard-weight,  multipackage,  400- 
cycle,  air  conditioning  unit  (type  400  second-stage  design)  is 
satisfactory  and  meets  the  requirement!:  of  the  military  characteris¬ 
tic!)  U!)  outlined  in  the  project  card  and  the  purchase  description 
except  for  minor  deficiencies. 

c.  The  tested  air  condltlojier  design  cun  only  bo  reproduced 
by  using  monufacturing  drawings  as  a  purchase  requirement. 

d.  Since  the  400-cycle  ver!!ion  has  had  the  equivalent  of  a 
Service  Test,  it  l!)  iiow  ready  for  tyt)c  clanuificatlon . 

e.  A  louver  arrangement  to  deflect  the  condenser  discharge 
air  upward  as  done  in  the  Pershing  huts  would  guard  against  possible 
recirculation  and  reduction  ol'  i^erformance . 
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KNGIMBERING  REPORT  OF 
6.000-BTU/HR  air  COrroiTIOMING  UNIT 


1.  INTRODUCTION 

1.  Subject.  This  report  covers  development  and  testing  of  a 
self-contained,  air-cooled,  multipackage,  6,000-Btu/hr,  air  condi¬ 
tioning  luilt  for  use  in  military- Lype  vans  and  shelters. 

2.  Background .  The  development  of  this  unit  was  Initiated  as 
a  part  of  the  overall  development  of  a  family  of  standard  military 
air  conditioners.  Contract  DA-44-009  Eng-4005  was  awarded  to 
Redmanson  Corporation,  York,  Pennsylvania,  on  29  May  1959  for  devel¬ 
opment  of  three  60-cycle  and  three  400-cycle  power  versions  of  the 
unit. 


During  development  of  these  units,  the  U.  S.  Array  Ordnance 
Missile  Command  (AOMC)  had  a  requirement  for  fifteen  400-cycle  units 
for  the  Communications  and  Fire  Control  Shelters  of  the  Pershing 
Missile  System.  The  contract  was  modified  in  order  to  procure  these 
units  concurrently  with  the  development  units  recognizing  that  de¬ 
sign  risks  were  Involved. 

Prototype  test  results  revealed  a  requirement  for  improve¬ 
ment  of  design  of  the  6,000-Btu/hr  unit.  U.  S.  Army  Ordnance  Mis¬ 
sile  Command  had  a  requirement  for  10  additional  400-Gycle  units. 

A  second  development  contract,  DA-44-009  Eng-4566,  was  awarded  to 
Therm-Air  Manufacturing  Company,  Peekskill,  New  York,  on  l4  June 
i960  for  construction  of  two  improved  prototypes  for  development 
tests  and  for  production  of  10  units  for  AOMC's  Pershing  Miscile 
requiromeiiti) . 

For  puri^oses  of  this  report,  the  unit  as  originally  de¬ 
signed  will  be  referred  to  an  the  "first-stage  design."  The  modi¬ 
fied  type  4oo  unit  will  be  referred  to  as  the  "second-stage  design." 

3-  Military  CharacterlstlcB .  The  military  characteristics 
of  the  project  are  general  for  all  air  conditioners  developed  xuider 
the  project.  As  stated  in  the  MC's,  the  unit  shall: 

a.  Operate  on  power  from  standard  army  generators  read¬ 
ily  available  in  the  field. 

b.  Maintain  temperature,  humidity,  and  fresh  air  circu¬ 
lation  necessary  for  proper  functioning  of  the  primary  van-housed 
equipment  and  for  comfort  of  operating  personnel.  Provisions  for 
dust  filtering  and  for  protection  against  harmful  chemical  agents 


2 


shall  he  made  for  use  with  those  installations  reqv.I.ring  such 
protection, 

c.  Be  capable  of  being  mounted  on  or  in  the  associated 
van  by  organizational  maintenance  personnel  without  requiring  ex¬ 
tensive  modifications  of  the  van  or  interfering  with  the  efficient 
operation  of  the  primary  equipment. 

d.  Be  sufficiently  rugged  to  withstand  prolonged  cross¬ 
country  hauling  in  a  mounted  position  and  be  capable  of  operation 
continuously  for  3 >000  hours  between  major  overhauls. 

e .  Have  safety  devices  incorporated  in  the  design  to 
reduce  fire  hazards  to  a  minimum.  Operating  personnel  shall  be 
protected  from  injuries  by  the  mechanical  and  electrical  parts  of 
the  equipment. 

f.  Operate  at  a  noise  level  such  that  it  will  not  inter¬ 
fere  with  the  efficient  operation  of  the  equipment  in  the  van. 
Appropriate  components  will  be  treated  for  the  elimination  of  inter¬ 
ference  with  radio  communications  in  accordance  with  applicable 
Signal  Corps  siiecificatlons . 

g.  Be  caixiblc  of  satisfactory  performance  at  any  air 
temperature  from  +60°  P  to  +12'^°  F  and  while  exposed  to  maximum 
solar  radiation,  and  be  capable  of  safe  storage  at  temperatures 
from  -6;^°  F  (j'or  i)eriods  of  several  days  at  a  time)  to  +1';'*,;°  F  (for 
periods  of  at  least  h  hours  dally). 

.  rurchauo  Description.  Specific  development  requirements 
for  tho  6,000-Titu/hr  unit  not  covered  by  the  MG'c  but  contained  in 
t)ie  development  yiurchase  description  (as  modified)  are  as  follows : 

u.  The  unit  shall  liave  a  maximum  moisture  content  of 
ppm  by  v/cight  in  the  llijuid  phase  after  being  dehydrated  and  charged 
with  refrigerant. 

b.  'I'he  total  weight  of  the  unit  charged  and  ready  to 
operate  shall  not  exceed  106  poundfj  for  tyiie  hOO  units  and  ll|j 
pounds  for  type  60  units  without  accessories. 

c.  Tlie  luiit  shall  have  a  total  net  cooling  capacity  of 
not  less  than  0,000  Btu/hr  under  the  conditions  shown  in  Table  1. 

d.  The  evaporator  section  shall  have  an  air  flow  of  not 
less  than  200  standard  cJYn. 

e .  The  maximum  total  power  requirements  of  the  unit  at 
the  conditions  specified  in  Ts-hle  1  shall  not  exceed  1,720  watts  for 
type  MOO  and  1,200  watts  for  tyjie  60. 
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Table  I.  Temperature  Condition  Requirements 


Ambient  Temperature 

(O  p) 

Room 

(or  inside) 

Temperature 
(0  p) 

Elevation 

Dry  Bulb 

Dry  Bulb 

Wet  Bulb 

Sea  Level 

125 

90 

75 

Sea  Level 

95 

80 

67 

f .  The  condensing  pressure  shall  not  exceed  263  psig 
and  the  suction  pressure  shall  not  drop  below  40  psig  when  the  evap¬ 
orator  and  condenser  sections  are  Joined  by  4  feet  of  refrigerant 
lines  and  when  operating  under  conditions  listed  in  Table  I. 

g.  The  unit  shall  have  a  ratio  of  70  to  90  percent  of 
room  sensible  cooling  to  net  cooling  effect. 

h.  The  unit  shall  be  able  to  withstand  a  charge  of  300 
psig  plus  or  minus  9  psig  of  dry  nitrogen  containing  l/2  pound  of 
refrigerant. 


i.  The  unit  shall  have  a  minimum  performance  factor  (ex¬ 
pressed  in  cooling  units  per  watt)  based  on  the  net  total  room  cool¬ 
ing  effect  and  total  watts  input  in  the  unit  of  4.49  Btu/watt/hr 
when  operating  under  conditions  specified  in  Table  I. 


II.  INVESTIGATION 

9.  First-Stage  Design.  The  6,000-Btu/hr,  multipackage,  self- 
contained,  air-cooled  unit  consists  of  an  evaporator  section  and  a 
condenser  section.  Figures  1  through  6  show  components  of  the  unit. 

The  evaporator  section  consists  of  aluminum  frame  and 
panels,  expansion  valve,  cooling  coil,  air  filter,  adjustable  dis¬ 
charge  grille,  return  and  fresh  air  dampers,  fan,  and  controls. 

The  condenser  section  consists  of  aluminum  frame  and  panels,  com¬ 
pressor  sealed  with  motor,  fan,  condensing  coll,  receiver,  sight 
glass,  and  refrigerant  drier -strainer .  Accessories  consist  of 
interconnecting  refrigerant  and  electrical  lines  and  an  optional 
time-delay  box.  The  time -delay -re lay  box  provides  for  sequence 
starting  of  two  units.  This  is  desirable  while  operating  the  two 
units  on  a  fully  loaded  power  source  since  the  air  conditioner  is 
not  designed  for  capacity  modulation. 

The  two  sections  may  be  bolted  together  for  use  in  unitary 
form  or  separated  by  distances  up  to  12  feet.  Refrigerant  connections 
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G2736 

Fig.  1.  (a)  Mounting  frame  angles  (B)  fresh  air  inlet  damjierj  (c)  adjustable  air 

discharge  grilles;  (D)  fresh  air  damper  switch;  (e)  thermostat  control  switch; 

(f)  off -heat-vent-cool  switch;  (G)  condenser  air  inlet  grille. 
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i.- 


G2737 

Fig.  4.  (a)  Inierconnecbing  power  cable  receptacle}  (B)  in¬ 

terconnecting  refrigerant  hose  grommets;  (C)  evaporator 
coils;  (d)  condensing  coils;  (E)  compressor;  (P)  receiver; 
(G)  heater. 
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G2T42 

Fig.  5.  (a)  Fresh  air  danger;  (b)  evaporator  fan  motor;  (C)  condens tog  coils; 

(D)  si^t  glass;  (E)  receiver  cheurging  valve;  (P)  receiver  tank;  (G)  filter-drier; 
(H)  evaporator  coils;  (l)  controls;  (J)  heater. 


FiC-  6.  (a)  Evaporator  fan;  (b)  evapora 

(C)  condcnGirifi;  coilo;  (D)  condenser  fan 
time-delay  relay  receptacle;  (f) ^interco 
hose  groiiunets;  (O)  interconnecting  power 
(h)  electrical  power  supply  cable  recepta 
(j)  evaporative  coils;  (K)  evaporator  cc 
outlet;  (L)  heater;  (M)  air  filter. 
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to  both  sections  are  made  throu^  quick -disconnect  self-sealing 
couplings. 


There  are  tvo  electrical  versions  of  the  6,000-Btu/hr 
unit.  The  type  60  unit  uses  single-phase,  115-volt,  6o-cycle  power. 
The  second  unit  is  referred  to  as  type  400  and  uses  3-phase,  208- 
volt,  400-ayGle  power. 

The  evaporator  section  of  the  type  400  unit  is  equipped 
with  electrical-resistance  heater.s  of  1,250-watt  capacity.  Heaters 
are  optional  in  the  OO-cycle  version. 

The  condenser  section  is  14^  inches  wide  by  26  inches 
high  by  94  inches  deep.  The  evaporator  section  is  l4^  inches  wide 
by  18  Inches  high  by  8^  Inches  deep.  Weight  of  the  unit  is  105 
pounds  for  the  type  l|00  unit  and  II5  pounds  for  the  type  60  unit . 

a.  Test  of  First-Stage  Design. 

(1)  Capacity  and  Performance.  Capacity  and  perform¬ 
ance  tests  were  performed  by  Electrical  Testing  Laboratories, 
Inc.  (ETL),  New  York,  New  York.  Testing  of  the  type  60  unit 
was  conducted  on  a  Redmanson  Corporation  unit,  serial  number 
702,  in  May  i960.  Capacity  test  for  the  type  400  unit  was  con¬ 
ducted  at  ETL  on  a  Redmanson  unit,  serial  number  7018,  in  June 
i960.  This  test  was  re-run  in  August  i960  due  to  an  error  in 
recording  of  data  in  the  June  test. 

Capacity  tests  were  made  in  accordance  with 
American  Society  of  Refrigerating  Engineers  (ASRE)  Standard 
16-56,  "Methods  of  Rating  and  Testing  Air  Conditioners,"  modi¬ 
fied  to  Incorijorate  military  test  requirements.  The  balanced 
(ambient  room)  calorimeter  method  was  employed  for  the  test. 

(a)  Test  and  Test  Setup.  Under  this  test,  the 
sensible  heat  and  latent  heat  removed  from  the  air  in  the 
"indoor"  test  room  by  the  evaporator  section  are  replaced 
by  the  indoor  calorimeter  air  reconditioner  which,  at  ETL, 
uses  electric  strip  heaters  and  an  evaporator  tray  filled 
with  water  also  electrically  heated.  When  the  wet  bulb 
and  dry  bulb  thermometers  located  in  the  stream  of  sampled 
air  taken  6  inches  in  front  of  the  reconditioner  outlet 
show  stable  thermal  equilibrium  at  specific  conditions, 
the  total  heat  input  into  the  indoor  reconditioner  during 
the  test  period  of  1  hour  (modified  by  any  heat  leakage 
tlirough  the  enveloping  surfaces  of  the  test  room)  is  the 
cooling  capacity  of  the  cooling  unit  under  test. 
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The  cooling  capacity  is  again  determined, 
as  a  check,  from  the  "outdoor"  test  room  into  which  is 
injected  all  the  heat  removed  from  the  indoor  test  room 
hy  the  vinit  under  test.  The  latent  heat  and  sensible 
heat  introduced  into  the  outdoor  room  are  removed  by  the 
outdoor  calorimeter  air  reconditioner  which  uses  heat 
transfer  colls  through  which  chilled  water  circulates. 
Electric  strip  heaters  are  provided  in  the  reconditioner 
to  reheat  the  dehumidified  air  as  needed.  Stable  thermal 
equilibrium  in  this  project  (because  of  the  physical  ar¬ 
rangement  of  the  units  tested)  is  indicated  by  the  thermo¬ 
couples  located  in  the  stream  of  air  1  inch  in  front  of 
the  condenser  inlet  grille  of  the  test  unit.  The  total 
heat  removed  by  the  reconditioner  during  the  test  period 
of  1  hour,  reduced  by  the  therms.l  equivalent  of  the  elec¬ 
trical  input  to  the  unit  under  test  and  to  the  recondi¬ 
tioner  and  also  modified  by  heat  leakage  through  the  en¬ 
veloping  surfaces  of  the  test  room,  js  the  "check"  cooling 
capacity  of  the  unit  under  test.  The  ASRE  standard  speci¬ 
fies  that  the  capacities  determined  from  the  two  calorime¬ 
ters  shall  agree  within  G.O  percent. 

The  electrical  inputs  to  the  unit  under 
test  and  to  the  two  test  rooms  are  measured  by  calibrated 
instruments  (voltmeters,  ammeters, and  wattmeters),  and 
energy  input  is  measured  by  integrating  watt-hour  meters. 
The  quantity  of  water  evaporated  in  the  indoor  room  is 
measured  by  a  modified  hook  gauge  used  in  conjunction  with 
a  vernier  scale  which  indicates  the  water  level  in  the 
evaporator  tray.  Condensed  water  in  collected  from  the 
evaporator  section  to  the  test  unit  and  measured.  The 
quantity  of  chilled  water  circulated  in  the  outdoor  recon¬ 
ditioner  is  measiired  with  precision  water  meters.  T)ry 
bulb  and  wet  bulb  air  temperatures  and  water  temperatirres 
are  measured  with  precision  glass  thermometers  graduated 
to  0.1°  P. 


The  test  rooms  are  each  12  feet  long  (par¬ 
allel  to  the  wall  seimratlng  the  two  caloritrietero) ,  tl  feet 
wide ,  and  B  feet  high .  They  are  each  surrounded  by  an 
interspace .  The  wall  which  separates  the  interspace  as 
well  as  the  tost  rooms  is  insulated  with  B-inch-thick 
blocks  of  cellular  material  known  as  "Foamglass."  The 
v/alls,  ceilings,  and  floors  arc  completely  covered  with 
aluminum-sheathed  panels  which  are  imijervious  to  vapor . 

The  floors,  in  addition  to  the  aluminum  panels,  are  cov¬ 
ered  with  l/8-inch-thick  linoleum. 
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The  interspaces  are  maintained  at  the  tem¬ 
peratures  of  their  respective  test  rooms  (^ere  feaslhle; 
otherwise  raeasirred)  to  minimize  heat  transfer.  The  tem¬ 
perature  of  the  air  at  each  of  the  five  surfaces  of  each 
test  room  exposed  to  the  interspaces  is  measured  hy  re¬ 
sistance  thermometers  and  is  recorded  hy  a  calibrated 
automatic  multipoint  recorder  at  Intervals . 

For  these  tests,  the  unit  was  fnstalled 

with  the  evaiiorator  section  in  the  indoor  test  room  and 

* 

the  condenser  section  in  the  outdoor  test  room.  The  two 
separate  sections  were  connected  by  the  flexible  refrig¬ 
erant  and  electrical  lines  which  passed  through  the  sepa¬ 
rating  wall. 


The  air-discharge  deflection  louvers  were 
set  to  blow  the  air  away  from  the  air  intake  of  the  unit 
•  in  conjunction  with  a  short  duct.  The  test  unit  controls 
were  set  for  maximum  cooling  with  the  ventilation  damper 
closed . 


Capacities  of  the  type  60  and  type  400 
units  are  as  indicated  in  Tables  II  and  III  and  Fig.  7- 

Table  II.  Results  of  Capacity  Test  - 
Type  Go  Unit  (First-stage  Design) 


Data  Obtained 

Rvin  1 

Run  2 

(a)  Operating  Temperatures 

Outside  Air  (°F  d.b.) 

95.0 

125.0 

Inside  Air  C^F  d.b.) 

80.1 

90.0 

Inside  Air  (°F  ”.b.) 

67.0 

75.2 

(b)  Electrical  Input 

Test  Voltage  (Maintained)  (volts) 

115.0 

,  115.0 

Frequency  (epo) 

60 

60 

Line  Ciirrent  (amps) 

8.4 

9.8 

Total  Power  Input  (watts) 

955 

1090 

Energy  Consumed  (whr.) 

955 

1090 

Power  Factor  (percent) 

99 

9T 

(c)  Rating* 

Total  Rated  Capacity  (Btu/hr) 

4800 

4600 

Latent  Capacity  (Btu/hr) 

600 

600 

Sensible  Capacivy  (Btu/hr) 

4200 

4000 

Water  Evaporated  (lb /hr) 

0.6 

0.6 

*  Ratings  are  reported  to  the  nearest  100  Btu/hr, 
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Table  III.  Results  of  Capacity  Test  - 
Type  UOO  Unit  (First-stage  Design) 


Data  Obtained 

Run  1 

Run  2 

Run  3 

(a)  Operating  Temperatures 

Outside  Air  (°F  d.b.) 

95.0 

107.0 

125.0 

Inside  Air  (°F  d.b.) 

80.1 

87,0 

89.7 

Inside  Air  (°F  w.b.) 

67.2 

73.0 

75.3 

(b)  Electrical 

Input 

Test  Voltage  (Maintained)  (volts) 

206 

207 

207 

Frequency  (cps) 

400 

400 

400 

Line  Current  (amps) 

Phase  Tp 

9.4 

9.6 

9.8 

Phase  Tg 

9.0 

9.2 

9.5 

Phase  T^ 

8.li 

8.6 

8.8 

Total  Power  Input  (watts) 

1390 

1425  • 

1510 

Enez'gy  Consumed  (whr.) 

1390 

1425 

1510 

Power  Factor  (percent) 

47 

48 

49 

(c)  Ratings 

Total  Rated  Gaimcity  (Btu/hi') 

5800 

6400 

5600 

Latent  Capacity  (Btu/hr) 

500 

900 

600 

Sensible  Capacity  (Btu/hr) 

5300 

5500 

5000 

Wt.  Water  Evaporated  (ib/hr) 

0.5 

0.9 

0.6 

*  Ratings  are  reported  to  the  nearest  100  Btu/hr. 


(b)  Test  Results.  During  tests  of  the  type  60 
and  the  type  )|00  units,  a  slight  amount  of  condensate 
drii)ped  from  the  evapoiator  section  of  the  test  unit  onto 
the  test  rooiti  floor.  Insi)ection  of  the  type  60  evaporator 
section  indicated  that  the  condensate  was  "blowing  off"  the 
evaxxjrator  coil,  accumulating  in  the  base  of  the  evaporator 
section,  and  leaking  out  along  the  bottom  edge  of  the  sec- 
Lion.  inspection  of  the  tyi^e  400  unit  revealed  that  the 
resistance  heater  bracket  was  in  contact  with  the  fins  of 
the  cooling  coil.  This  condition  caused  condensate  to 
strike  the  heater  bracket  and  be  blown  down  to  the  bottom 
of  the  section.  The  heater  bracket  was  separated  from  the 
coil  for  the  remainder  of  the  test.  A  slight  amount  of 
moisture  continued  to  leak  due  to  blow  off  from  the  coil. 

A  considerable  amount  of  air  recirculation 
occurred  at  the  conden-ser  section  1’or  both  the  type  60  and 
the  type  MOO  unit.  The  top  half  of  the  intake  grille 
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Fig,  7-  Capacity  test  results  (first-stage  design^. 
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received  considerable  high-temperature  air  rejected  by 
the  condenser  above  it. 

The  amount  of  recirciilation  for  the 
evaporator  section  varied  with  different  settings  of  the 
direction  discharge  louvers .  With  the  louvers  set  to 
discharge  the  air  horizontally  (slde-to-side) ,  recircula¬ 
tion  of  air  on  the  evaporator  side  was  minimized;  when 
the  air  was  discharged  downward,  recirculation  was  elimi¬ 
nated.  However,  considerable  recirculation  exists  where 
the  air  is  discharged  upward,  since  the  cooled  air  is 
then  "short  circuited"  into  the  intake  air  grille .  Both 
units  (type  60  and  type  hOO)  were  tested  with  the  louvers 
set  for  horizontal  discharge . 

During  capacity  tests  of  the  type  400  unit, 
the  overload  protector  caused  the  compressor  motor  to  be¬ 
come  de-cncrgizcd  at  condenser  inlet  air  temperatures 
above  approximately  105°  F-  The  protector  was  replaced 
to  determine  whether  the  original  one  was  defective  or 
was  not  suited  for  its  application.  The  replacement 
caused  de-energization  of  the  compressor-motor  at  conden¬ 
ser  inlet  air  temperatures  of  122°  F  and  above.  The 
overload  protectors  were  electrically  bypassed  in  order 
to  complete  the  capacity  test. 

(2)  Air  Flow  Test. 

(a)  Test  and  Test  Setup.  The  quantity  of  air 
discharged  from  the  evaporator  was  measured  with  an  air 
flow  meter  which  was  attached  to  the  housing  by  a  short 
duct  of  airtight  material.  The  flow  meter  was  an  "ASHVE" 
type  equipped  with  such  components  as  a  calibrated  ori¬ 
fice  and  air-straightening  devices.  Measurements  of 
static  and  velocity  pressures  were  made  with  inclined- 
tube  manometers.  Wet  bulb  and  dry  bulb  thermometers  with 
0.2°  F  graduations  were  provided  to  measure  the  quantity 
of  the  air.  A  variable -speed  blower  located  beyond  the 
velocity  chamber  was  used  to  bring  air  at  the  test  unit 
back  to  atmospheric  pressure  (free  air  discharge)  . 

(b)  Test  Results .  The  type  60  test  evaporator 
unit  delivered  205  dm  standard  air  flow.  The  type  400 
evaporator  unit  delivered  225  nfm  standard  air  flow. 

ii)  Endurance  Test. 

(a)  Ty[je  60  Unit.  A  type  60  Redmanson  unit, 
serial  number  '(02,  completed  2,369  hours  of  successful 
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endurance  testing  at  USAERDL.  During  this  period  of 
testing,  only  minor  problems  such  as  blowing  of  a  fuse 
and  malfunctioning  of  a  capacitor  relay  were  experienced. 
These  problems  will  be  resolved  in  forthcoming  modifica¬ 
tion  of  the  type  60  units. 

(b)  Type  IfOO  Unit.  No  formal  endurance  tests 
have  been  conducted  on  the  type  400  unit;  however,  exten¬ 
sive  research  and  development  tests  of  Identical  produc¬ 
tion  units  in  Pershing  System  shelters  have  served  as  an 
effective  endurance  test.  As  a  result  of  these  tests,  the 
following  problems  were  determined  to  exist; 

1  Excessive  voltage  drop  in  control 
circuitry. 

2  Condenser  fan  motor  overloaded. 

^  Electrical  relays  vibrate  out  of  sockets. 

4  Undersized  compressor  overload  protection. 

^  Refrigerant  hose  connection  needs  fixed 
mounting. 

6  Condensate  drip  pan  needs  extending. 

7  More  panel  fasteners  needed. 

The  above  problem  areas  were  resolved  in 
final  development *of  the  type  HOO  unit.  * 

(4)  Vibration  and  Shock  Tests.  Vibration  tests  were 
conducted  in  accordance  with  Military  Specification  MIL-E-4970, 
procedure  III,  except  that  for  inputs  of  plus  or  minus  1.3  g, 
where  2  to  27.5  cps  is  specified,  the  test  equipment  was  not 
able  to  register  frequencies  below  7  cps.  At  2  cps,  the  test 
equipment  was  able  to  obtain  displacements  not  in  excess  of 
0.'^  g.  The  test  covered  a  period  of  one  week,  starting  1  Febru¬ 
ary  i960,  with  intermediate  downtime  to  replace  failed  parts. 

(a)  Type  60  Unit  Condenser  Section.  The  sec¬ 
tion  was  vibrated  from  10  to  'jOO  cps  for  resonance  points. 
Resonant  frequencies  included  and  12  cps.  Lesser  reso¬ 
nant  frequencies  noted  were  34 5^  23O,  and  110  cps.  During 
vibration  test  frequencies,  the  following  failures  occurred 
at  the  listed  frequencies ; 
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1.  ^2c£s.  Mounting  bracket  for  "round" 
oapacitor  broke  (thickness  of  bracket  Increased  from 
17  to  15  gauge  and  width  increased  to  1  inch);  modi¬ 
fied  moiinting  bracket  for  round  capacitor  broke  (21 
gauge  by  ll/l6-inch-wide  bracket  changed  to  15  gauge 
by  1  inch  wide  and  bend  radius  increased) . 

2.  17  to  32  cps.  Frame  broke  at  right 
lower  rear  corner  at  weld  (gusset  added,  same  thick¬ 
ness  as  frame);  failure  in  frame  occurred  in  same 
location  as  above  (second  gusset  added  to  frame  and 
angle,  mounting  bracket  extended  the  entire  length 
of  the  unit  with  two  additional  3/l6-inch  bolts 
added,  and  angle  projected  rearward  l/h  inch  for 
easier  mounting  without  interference  of  projecting 
panel) . 


Upon  completion  of  tests  of  the  condenser 
section,  examination  of  the  section  revealed  bent  fan 
blades  and  evidence  of  contact  between  fan  blades  and  fan 
venturi.  Fins  of  the  condenser  coil  were  also  bent  due 
to  the  displacement  of  fan  blades  during  the  vibration 
test.  An  additional  fan  motor  mounting  bracket  was  added, 
and  the  cross-section  area  of  fan  brackets  was  increased. 

(b)  Type  60  Unit  Evaporator  Section.  The  sec¬ 
tion  was  vibrated  from  2  to  5OO  cps  with  resonant  points 
of  130,  yo,  36,  2li.5,  and  I8  cps.  Major  resonant  point 
occurred  at  10  cps .  The  following  failures  occurred  at 
18  cps,  and  corrections  were  as  indicated:  Excessive 
displacement  of  fan  and  motor  (number  of  mounting  brackets 
increased);  excessive  displacement  of  thermostat  capil¬ 
lary  tube  (tube  secured);  louver  fasteners  loosened 
(number  of  fasteners  increased) . 

Examination  at  the  end  of  the  test  also 
revealed  a  loosening  of  damper  control  wire  from  the  con¬ 
trol  mechanism.  The  conduit  of  this  control  wire  was 
secured  to  the  frame  of  the  section  in  order  to  eliminate 
resonance  and  breakage  of  wire . 

( c )  Type  liOO  Unit  Condensei'  Section .  Gtruc - 
turally,  type  400  units  are  identical  to  the  type  60  units 
except  for  mounting  bi’ackets  for  various  electrical  com¬ 
ponents.  Structural  frame  members  and  mounting  brackets 
were  strengthened  so  that  the  type  60  structural  failures 
would  not  reoccur. 
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The  following  failures  occurred  during  a 
cps  at  OA  g  to  150  cps  at  3  g  for  a  period 
Resistor  broke  off  transformer  ( remounted ) j 
of  socket  (strap  provided  to  retain  relays); 
hit  venturi  (bracket  added  and  cross  section 


A  second  scan  covering  a  period  of  15  minutes 
and  frequencies  from  7  to  135  cps  was  made.  The  following 
failures  occurred:  Transformer  broke  off  (transformer  re¬ 
moved);  relay  dust  cover  screw  came  loose  (replaced). 

(d)  Type  tiOO  Unit  Evaporator  Section.  A  scan 
of  frequencies  from  10  to  I30  cps  and  back  to  6^  cps  was 
made  over  a  period  of  15  minutes  with  the  following 
failures : 


scan  between  7 
of  90  seconds: 
relay  came  out 
and  fan  blades 
Increased) . 


1.  Fan  bracket  broke  off  at  approximately 
65  cps  (number  of  brackets  increased) . 

2.  Heater  coil  went  into  resonance  at  100 
cps;  however,  no  failures  occurred. 

After  completion  of  test,  it  was  ob¬ 
served  that  the  fan  blade  had  failed.  (This  resulted 
from  the  bracket  failure  which  was  corrected  as  indi¬ 
cated  in  1  above.) 

The  above  strengthening  of  structural  mem¬ 
bers  of  the  unit  and  addition  of  brackets  were  incorporated 
in  the  second-stage  design.  Other  design  features  were 
added  to  strengthen  the  evaporator  section  and  to  eliminate 
problem  areas.  These  features  are  reported  in  paragraph  6. 

(5)  Humidity  Test.  The  unit  was  installed  in  the 
balanced  calorimeter-type  test  chamber  in  an  upright  position. 

A  small  shield  was  placed  above  the  unit  to  prevent  any  drip- 
page  of  condensate  on  the  unit.  The  temperature  of  the  test 
chamber  was  maintained  between  7I  and  100°  F,  and  the  chamber 
was  vented  to  the  atmosphere  to  prevent  any  pressure  buildups. 
The  velocity  of  the  circulating  air  throughout  the  test  chamber 
was  maintained  at  less  than  I50  ft/min. 

During  the  first  2  hours  of  the  test,  the  tem¬ 
perature  was  gradually  raised  to  155°  ^  and  then  held  constant 
for  a  period  of  6  hours.  The  temperature  of  the  test  chamber 
was  then  slowly  reduced  to  the  initial  starting  temperature 
over  a  period  of  10  hours .  Thin  completed  one  cycle .  Ten  com¬ 
plete  cycles  Were  conducted  over  a  period  of  2^0  hours.  Tlie 
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relative  humidity  during  each  cycle  was  maintained  in  excess 
of  95  percent  by  utilization  of  distilled  water. 

At  the  end  of  the  complete  test  (lO  cycles),  the 
unit  was  inspected  for  rusted  or  damaged  structures,  deteriora¬ 
tion  of  the  electrical  system,  malfunctioning  of  capacitors  and 
relays,  and  general  appearances. 

No  deficiencies  were  detected  during  the 

inspection , 

(6)  Compressor  Motor  Trip-out  Test.  This  test  was 
conducted  in  a  balanced  calorimeter-type  chamber  at  USAEKDL  on 
29  March  IQC'l,  using  a  Redmanson  Model  unit  containing  a  Tecum- 
seh  compressor.  Serial  number  2257^^7?  driven  by  an  electric 
motor.  The  evapoi’ator  air  inlet  temperature  was  held  constant 
at  90°  F  dry  bulb,  and  the  condenser  air  inlet  temperature  was 
allowed  to  vary  from  100°  F  dry  bulb  until  the  overload  protec¬ 
tor  tripped  out.  This  test  was  also  performed  on  a  Redmanson 
Model  unit  containing  a  Tecumseh  compressor.  Serial  number 
7121106,  driven  by  a  different  electric  motor. 

No  deficiencies  were  noted  when  the  unit  con¬ 
taining  the  first  electric  motor  was  used.  However,  the  re¬ 
sults  when  the  second  motor  was  used  were  very  erratic  and 
unreliable.  At  times,  the  overload  tripped  out  at  115°  F  con¬ 
densing  temperature  but  at  other  times  did  not  trip  even  for 
condensing  temperatures  as  high  as  175'^  F- 

(7)  Motor  VMndlng  Temperature  Test.  This  test  was 
conducted  at  USAERDI.  on  23  March  I96I  using  a  Redmanson  Model 
unit  containing  a  Tecumseh  compressor,  Serial  number  2257^7? 
driven  by  an  electric  motor.  The  luiit  was  placed  in  a  balanced 
calorimeter-tyi^e  teat  chamber.  The  evaporator  side  of  the  unit 
was  maintained  at  a  constant  dry  bulb  temperature  of  90°  F  and 
a  constant  v/et  bulb  temperature  of  75°  F.  The  temperature  of 
the  condenser  unit  was  raised  in  Increments  of  5°  F  from  135  to 
155°  F  dry  bulb;  data  was  recorded  at  each  increment  after 
thermal  equilibrium  was  obtained.  The  motor  winding  tempera¬ 
ture  was  determined  by  tlie  Seeley  resistance  method.  The  equa¬ 
tion  used  to  calculate  the  motor  winding  temperature  was 

Tp  =  (390.1  +  Tc)  -  390.1;  Where  Tp  =  motor  winding 

*'c 

temperature,  hot;  Rj,  -  motor  winding  resistance,  hot;  Rc  = 
winding  resistance,  cold;  and  T^  =  winding  temperature  cold. 
Thermocouples,  voltmeters,  ammeters,  and  wattmeters  were  used 
to  obtain  necessary  data.  The  results  of  this  test  are  shown 
in  Table  IV  and  Pig.  <3. 
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Table  IV.  ResixLts  of  Motor  Winding 
Temperature  Teste  (First-stage  Design) 


Data  Obtained 

Results 

Condenser  Inlet  Temper¬ 
ature  (°F  d  .b . ) 

135 

140 

1>I5 

150 

159 

Evaporator  Inlet  Temper¬ 
ature  (°F  d  .b  . ) 

90 

90 

90 

90 

90 

Resistance  of  Winding 
&  Leads,  cold  (ohms) 

1.400 

1.400 

1.400 

1.400 

l.ltoo 

Resistance  of  Leads, 
shorted  (ohms ) 

0.23I1 

0.234 

0.234 

0.234 

0.234 

Resistance  of  Leads, 
cold  (ohms) 

1.166 

1.166 

1.166 

1.166 

1.166 

Temperature  of  Windings, 
cold  (°F) 

70 

70 

TO 

70 

TO 

Resistance  of  Leads, 
hot  (ohms) 

1.996 

1.627 

1.633 

1.660 

1.670 

Temperature  of  Windings, 
hot  (°F,  calculated) 

Dll  1  . 1 

291.2 

260. 9 

269.0 

270.0 

The  temperatures  of  the  motoi'  windings  were 
found  to  be  below  the  critical  winding  tctiiporalure  of  302°  F 
at  condenser  inlet  air  temperature  of  l')5°  F.  Since  maximum 
design  condenser  air  inlet  tomjxjrature  is  only  12'3°  F,  the 
motor  winding  temperature  during  normal  operation  is  well 
below  its  critical  point. 

(8)  Time-Delay  Relay  Voltage  Drop  Test.  This  test 
was  conducted  by  iniitalling  two  complete  type  1 1 00  units  to  the 
same  ijower  source  and  connectijig  a  time-delay  relay  into  the 
circuit.  The  circuit  was  energized  with  liOO-cycle  power,  and 
the  units  wore  tui-ned  on.  One  unit  was  activated  immediately, 
and  the  time -delay  relay  activated  the  second  unit  after  a  de¬ 
lay  of  30  seconds  in  order  to  prevent  the  sudden  demand  on  the 
power  supply  that  would  l)e  in  evidence  if  both  units  were  acti¬ 
vated  simultaneously. 


Fig.  8.  Winding  temperature  test  results  (first-stage  design) 
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It  was  found  that  the  voltage  drop  through  the 
relay  and  the  interconnecting  cables  was  so  great  that  there 
was  insufficient  voltage  remaining  to  activate  the  second  unit . 
This  deficiency  has  been  corrected  in  the  redesigned  units, 

b .  Analysis  of  First-Stage  Design  Test  Results . 

(l)  Capacity  and  Performance  Test. 

(a)  Type  60  Unit.  The  capacity  was  found  to 
be  below  the  required  capacity  of  6,000  Btu/hr,  being 
4,800  Btu/hr  at  9‘;>°  F  dry  bulb  ambient  aiid  H,600  Btu/hr 
at  125°  F  dry  bulb  ambient.  This  represents  a  deficiency 
of  20  percent  for  the  fonner  and  23*3  percent  for  the 
latter.  This  is  l6  percent  and  19,3  percent,  respective¬ 
ly,  in  excess  of  the  maximum  acceptable  deficiency  of  4 
percent  as  stated  in  the  design  specifications.  On  the 
basis  of  these  results,  the  unit  was  not  acceptable. 

This  deficiency  can  be  easily  corrected  by  proper  expan¬ 
sion  valve  adjustment.  The  unit  is  cin-rently  being  modi¬ 
fied  and  procured  under  a  limited  quantity  procurement  by 
Chicago  Procurement  Office. 

The  supply  voltage,  frequency,  power  input, 
condensing  pressvu'e,  and  suction  ijressure  are  within  speci¬ 
fied  limitations.  The  xrawer  factor  of  the  unit  was  excep¬ 
tionally  good,  being  99  percent  at  an  ambient  of  95°  F  dry 
bulb  and  97  percent  at  an  ambient  of  125°  F  dry  bulb. 

The  performance  factor  or  the  ratio  of  the 
total  capacity  to  the  total  ijower  input  was  found  to  be 
5.03  Btu/watt/hr  at  the  ambient  temperature  of  95°  P  dry 
bulb  and  4 .22  Btu/watt/hr  at  the  ambient  temperature  of 
125°  F  dry  bulb.  The  design  specifications  require  that 
this  ratio  be  greater  than  5*0  Btu/watt/hr  at  all  operat¬ 
ing  temperatures  between  80  and  125°  F  dry  bulb.  The  de¬ 
ficiency  in  the  performance  factor  at  the  125°  F  dry  bulb 
ambient  is  expected  to  be  corrected  in  the  second-stage 
design . 


The  sensible  heat  factor  (SHP)  or  tij.e  ratio 
of  the  sensible  capacity  to  the  total  capacity  was  found 
to  be  87.5  percent  at  the  operating  temperature  of  95°  F 
dry  bulb  and  87. 0  percent  at  the  operating  temperature  of 
125°  F,  The  specifications  state  that  the  SHF  should  be 
within  the  range  of  60  to  80  percent  at  all  operating  am¬ 
bients  between  BO  and  125°  F.  The  actual  SHI''  exceeds 
those  specified;  however,  they  are  considered  desirable 
since  air  conditioning  load  requirements  are  toward  a 
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higher  sensible  load  percentage.  The  purchase  descrip¬ 
tion  was  revised  to  reflect  this  change  in  SHF  requirements . 

(b)  Type  400  Unit.  The  capacity  of  this  unit 
was  found  to  be  5>^00~Btu7hr  at  a  condensing  air  tempera¬ 
ture  of  95®  F  dry  bulb,  6,U00  Btu/hr  at  a  condensing  air 
temperature  of  107°  F  dry  bulb,  and  5,600  Btu/hr  at  a  con¬ 
densing  air  temperature  of  125°  F  dry  bulb.  This  repre¬ 
sents  deficiencies  of  3*3  and  6.5  percent  at  1+5  and  125°  F, 
respectively.  The  maximum  allowable  deficiency  is  4.0  per¬ 
cent.  The  capacity  is  satisfactory  with  exception  of  the 
rated  value  at  the  125°  F  ambient.  This  deficiency  has 
been  corrected  in  the  second-stage  design. 

The  voltage,  phase,  frequency,  condensing 
pressure,  and  suction  pressure  are  within  the  specified 
limitations . 


The  SHF  was  found  to  be  91**i  percent  at  an 
ambient  of  95°  F  dry  bulb,  86  percent  at  an  ambient  of 
107°  F  dry  bulb,  and  89.3  percent  at  an  ambient  of  125°  F 
dry  bulb.  As  stated  above,  higher  values  are  desirable 
and  shall  be  retained  in  the  unit  design. 

The  performance  factor  of  this  unit  should 
be  greater  than  4.45  Btu/watt/hr  for  all  operating  temper¬ 
atures  between  80  and  125°  F  dry  bulb,  if  the  specifica¬ 
tions  are  to  be  met.  The  performance  factor  of  the  test 
unit  was  found  to  be  4.17  Btu/watt/hr,  4.49  Btu/watt/hr, 
and  3«71  Btu/watt/hr  at  operating  temperatures  of  95,  107, 
and  125°  P  dry  bulb,  respectively.  The  deficiencies  in 
the  unit  when  performing  at  913  and  125°  F  dry  bulb  should 
have  been  corrected  in  the  second-stage  design;  however, 
this  is  not  the  case.  Extensive  redesign  would  be  needed 
to  improve  this  performance  factor.  No  work  in  this  di¬ 
rection  is  contemplated. 

The  total  power  input  in  all  tests  is 
greater  than  the  maximum  specified  power  input  of  1,350 
watts,  being  1,300  watts  at  95°  F  dry  bulb,  1,425  watts 
at  107°  P  dry  bulb,  and  1,510  watts  at  125°  F  dry  bulb. 

This  high  power  input  results  in  power  factors  of  47,  48, 
and  49  percent  at  ambient  temperatures  of  95,  107,  and 
125°  F,  respectively.  The  design  specifications  desig¬ 
nate  that  power  factors  should  be  in  excess  of  75  percent. 

An  attempt  to  remedy  these  deficiencies  has  been  incor¬ 
porated  in  the  second-stage  design,  but  further  develop¬ 
ment  vould  be  necessary  to  accomplish  the  desired  results. 

Jt  is  now  felt  that  a  75  percenL  power  factor  for  400- 
cycle  motors  at  3,600  rpm  is  not  within  the  state  of  the  art. 


2k 


(2)  Air  Flow  Tests.  The  results  of  the  air  flow 
test  for  hoth  the  type  &)  unit  and  the  type  400  unit  are  satis¬ 
factory,  and  the  \mits  meet  design  requirements . 

(3)  Endurance  Tests.  Extensive  endurance  tests  have 
been  completed  on  both  the  6o-cycle  unit  and  the  400-cycle  unit . 
The  test  on  the  type  60  unit  was  a  formal  test,  and  the  test  on 
the  type  400  unit  was  a  service-type  test.  Only  minor  discrep¬ 
ancies  were  noted,  and  the.se  have  been  eliminated  in  second- 
stage  design. 

(h)  Vibration  Tests. 

(a)  Type  60  Unit  Condenser  Section.  All  the 
failures  that  occurred  were  structural  failures  and  oc¬ 
curred  at  frequencies  of  either  52  Cps  or  l'(  to  I3  cps. 
These  failures  are  expected  to  be  eliminated  in  the 
second-stage  design. 

(b)  Type  60  Unit  Evaporator  Section.  All 
failures  of  this  section  were  structural  failures  and  oc¬ 
curred  at  resonant  frequencies  of  10  cps.  All  discrepan¬ 
cies  are  expected  to  be  eliminated  in  the  second-stage 
design. 

(c)  Type  400  Unit.  Failures  observed  in  this 
test  were  not  so  extensive  or  so  recurrent  ac  in  the  type 
60  test  because  the  results  of  the  type  60  test  were  ap¬ 
plied  to  the  type  400  unit  before  it  was  tested.  This 
was  possible  since  the  frame  structures  of  the  two  units 
are  identical.  The  minor  discrepancies  that  occurred 
have  been  corrected  in  the  second-stage  design. 

i'j)  Humidity  Test.  Results  of  the  humidity  test 
for  both  the  type  (jO  unit  and  the  type  400  unit  Indicate  that 
the  unit  has  met  the  retjulrements . 

(6)  Compressor  Motor  Trlp-out  Test.  Results  of  the 
test  of  the  unit  containing  the  compressor  with  the  first  elec¬ 
tric  motor  were  satisfactory.  The  results  of  the  test  of  the 
unit  containing  the  comjjressor  with  a  different  motor  were  un¬ 
satisfactory,  v/ere  very  erratic  and  inconsistent,  and  did  not 
meet  requirements.  It  was  found  that  the  trlp-out  temperature 
could  be  reduced  10  to  F  by  enclosing  the  overload  protector 
so  that  circulating  air  could  not  pass  the  protector. 

(7)  Motor  Winding  Tempcratui’e  Test.  Results  of  the 
motor  winding  temperature  test  Indicated  that  the  motor  wind¬ 
ing  tempt- ra Lure  was  well  bclov/  the  critical  winding  temperature 
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of  302°  F.  At  the  maxitntim  operating  condenser  air  inlet  dry- 
bulb  temperaturcj  the  motor  windings  reached  a  temperature  of 
only  270°  F.  Operating  at  normal  conditions,  the  winding  tem- 
peratui*e  would  be  less  than  24o°  F. 

(8)  Time-Delay  Relay  Voltage  Drop  Test.  Results  of 
this  test  were  unsatisfactory.  The  voltage  drop  through  the 
relay  unit  and  the  interconnecting  electrical  cables  was  so 
great  that  there  was  Insufficient  voltage  reaching  the  second 
unit  to  activate  the  unit.  This  discrepancy  has  been  correct¬ 
ed  In  the  second-stage  design  by  use  of  a  transformer  and  a 
selenium  rectifier. 

6.  Second -Stage  Design.  The  redesigned  unit  is  compatible 
with  the  general  description  of  the  original  units .  The  accessories 
used  in  the  second-stage  design  are  the  same  as  those  used  in  the 
first-stage  design.  , 

The  first-stage  type  400  unit  was  manufactured  by  the 
Therm-Air  Manufacturing  Company.  (The  contract  for  the  second-stage 
type  60  unit  is  still  in  the  development  phase.  The  proposed  modi¬ 
fications  are  described  in  paragraph  7*  Other  information  will  be 
incorporated  in  a  future  supplement  to  this  report.)  Figures  9 
through  13  show  the  second-stage  type  400  unit. 

a.  Tests  of  Second-Stage  Design,  Type  )i00. 

(1)  Capacity  and  Performance  Tests.  The  capacity 
test  of  a  preproduction  Therm-Air  Manufacturing  Company  unit, 
serial  number  4021,  was  conducted  at  ETL  on  5  October  I96O. 
Performance  test  was  conducted  on  the  above  preproduction  unit 
at  Them-Air  Manufacturing  Company  on  28  and  29  December  i960. 
This  performance  test  was  used  as  a  basis  for  acceptance  of 
production  air  conditioners.  Results  of  these  tests  are  shown 
in  Tables  V  and  VI  and  Fig.  l4. 

The  capacity  and  performance  tests  were  con¬ 
ducted  in  accordance  with  ASRE  Standard  I6-56  and  in  accord¬ 
ance  with  Military  Specification  M1L-E-4970A  (USAF),  dated  1 
June  1955 ■  The  method  of  test  is  described  in  paragraph  5a(l) 
of  this  report. 

(2)  Sensible  Capacity  Test.  A  unit  sensible  capa¬ 
city  test  v;as  conducted  at  USAERDL  during  9  to  I6  May  I96I  on 
preproduction  unit,  Therm-Air  Manufacturing  Company,  Serial 
number  4017.  Results  of  this  test  are  as  indicated  in  Table 
Vll. 


Fig.  10.  Rear  of  evaporator  section. 


H3817 


H3815 

Fig.  11.  Evaporator  section,  front  vJ.ew:  (A)  Electrical  re¬ 
lay;  (B)  evaporator  fan  motor;  (C)  evaporator  fan  location; 
(D)  fresh  air  damper;  (e)  evaporator  coils;  (F)  heater; 

(G)  evaporator  condensate  drip  pan  outlet;  (H)  control  panel. 
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Fig.  12. 
lay;  (b) 
valve . 


H3814 

Evaporator  section,  rear  view:  (A)  Electrical  re¬ 
air  filter;  (C)  evaporator  drip  pan;  (D)  expansion 
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H3811 

Pig.  13.  Condenser  section,  front  view;  (A)  Condensing 
collsj  (B)  condenser  fan  and  motor  locationj  (C)  auxiliary 
time-delay  electrical  receptacle;  (d)  interconnecting  refrig¬ 
erant  hose  grommets;  (E)  electrical  power  supply  cable  recep¬ 
tacle;  (F)  Interconnecting  power  cable  receptacle;  (g)  com¬ 
pressor;  (h)  receiver;  (l)  receiver  charging  valve; 

(j)  sight  glass;  (K)  filter-drier. 


Tatle  V.  Results  of  400  Cycle  Capacity  Test 
(Second-Stage  Design) 
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Data  Obtained 

Run  1 

Run  2 

(a)  Operating  Temperatures 

Outside  Air  (°F  d.b.) 

95.5 

125.0 

Inside  Air  (^F  d.b.) 

80.0 

90.1 

Inside  Air  (°F  w.b.) 

67.0 

75.05 

(b)  Electrical  Input 

Test  Voltage  (maintained)  (volts) 

208.0 

208.0 

Frequency  (cps) 

Uoo 

400 

Line  Current  (amps) 

Phase  T] 

Phase  T2 

10.4 

11.4 

10,1 

11.4 

Phase  Tj 

E  -  Total  .Power  Input  (watts) 

9.9 

10.1 

1670 

1720 

Energy  Consumed  (whr) 

1670 

1720 

Power  Factor  (percent) 

46 

47 

(c)  Ratings* 

Total  Rated  Capacity  (Btu/hr) 

6390 

5925 

Latent  Capacity  (Btu/hr)  , 

1480 

1590 

Sensible  Capacity  (Btu/hr) 

4870 

i+335 

Wt  Water  Evaporated  (Ib/hr) 

1.4 

1.5 

*  Ratings  are  reported  to  the  nearest  100  Btu/hr. 
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Table  VI.  Perfonnance  Test  Results 
(Second -Stage  Design) 


Data  Obtained  Result 


(a)  Operating  Temperatures 

Evaporator  Inlet  (°P  d.b.) 

Data  Point  1  Q4,6 

Data  Point  2  94.5 

Data  Point  3  •? 

Data  Point  4  9*^1 

Average  94 .  9 

Evaporator  Outlet  ('^F  d.b.) 

Data  Point  1  68.2 

Data  Point  2  66.6 

Average  67 ■ 4 

Evaporator  Inlet  (op  w.b.) 

Data  Point  1  74.9 

Data  Point  2  7*i  *l 

Average  7’+ <6 

Evaporator  Outlet  (°F  w.b.) 

Data  Point  I  64 .7 

Data  Point  2  04 . 3 

Average  64 . 9 

Dry  Bulb  (op)  27. I5 

(b)  Operating  Preuriures  (pulg) 

Condensing  I69.9 

Suction  49.9 

(c)  Electrical  Supply  • 

Total  Power  Input  (watts)  1^726 

Suxjply  Voltage  (volts)  209.9 

(d)  Overload  Check 

Evaporator  Fan 

Minutes  in  0.77 

Minutes  out  O.98 

Condenser  Pan 

Minutes  in  O.99 

Minutes  out  0.42 

(e)  Control  Check 

Vent  -  Heat  -  Thermostat  OK 

Off  -  Cool  -  Thermostat  OK 
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Fig.  14.  Capacity  test  results  (second-stage  design). 


O 
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Table  VII.  Results  of  Sensible  Capacity  Test 
for  Various  Evaporator  Inlet  Temperatures 
(Second-Stage  Design) 


Data  Obtained 

Test  1 

Test  2 

Test  3 

Test  4 

(a)  Operating  Temperatures 

Condenser  Inlet  (°F  d.b.) 

125.0 

125.0 

125.0 

125.0 

Condenser  Outlet  (^P  d.b.) 

148.0 

150.2 

151.8 

154.3 

Evaporator  Inlet  (°F  d.b.) 

90.0 

100.2 

109.1 

115.1 

Evaporator  Outlet  (°F  d.b.) 

70.5 

78.8 

84.5 

89.4 

(b)  Power  Input 

Total  Power  Input  (watts) 

1758 

1868 

1948 

2040 

Power  Factor  (percent ) 

44.8 

47.3 

48.8 

50.0 

(c)  Capacity 

Sensible  Capacity  (Btu/hr) 

5660 

6484 

7501 

7760 

The  sensible  capacity  test  was  conducted  in  ac¬ 
cordance  with  ASRE  Standard  16-'^6,  except  that  there  was  no 
latent  input  into  inside  room  of  the  calorimeter  test  chamber. 

(3)  Air  Flow  Test.  The  air  flow  test  was  conducted 
by  Therm-Air  Manufacturing  Company  on  Therm-Air  Model  CE  6-A-li00j 
serial  number  l^021,  on  28  December  i960.  This  test  was  con¬ 
ducted  in  accordance  with  the  standards  set  by  the  ASRE  and  the 
National  Association  of  Fan  Manufacturers.  A  description  of  the 
method  of  test  is  given  in  paragraph  5a(2)  of  this  report.  The 
results  of  this  test  are  shown  in  Table  VIII. 

Table  Vlll.  Results  of  Air  Plow  Test 
(Second-Stage  Design) 


Data  Obtained 


Result 


Air  Flow  Velocity  Pressure  (in.  IIpO,  Avg)  O.O'jG’j 

Barometric  Pressure  (in.  Hg,  Corrected)  30.;^8 

Dry  Dulb  Temperature  (‘’F,  Avg)  68.2 

Wet  Bulb  Temperature  (°F^  Avg)  63.9 

Duct  Area  (Ft""^)  0.2'j 

Velocity  (ft/min,  Calculated)  944 

Flow  Hate  (cfm,  Calculated)  236 
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(4)  Storage  Test.  This  test  was  conducted  by  Therm- 
Air  Manufacturing  Company  on  29  December  i960  on  their  Model  CE 
6-A-l+OO,  serial  number  4021.  The  test  was  conducted  in  accord¬ 
ance  with  Military  Specification  MIL-E-4970A  (USAF) .  The  unit 
was  installed  in  a  balanced  calorimeter -type  test  chamber  in  an 
upright  position  with  a  full  charge  of  refrigerant  stored  in 
the  receiver  and  the  condenser  in  a  pumped-down  state .  The 
unit  was  not  energized.  The  temperature  of  the  test  chamber 
was  raised  to  150°  F  dry  bulb  and  held  at  this  temperature  for 
24  consecutive  hours.  The  pressure  on  the  condensing  side  of 
the  compressor  was  recorded  to  detemine  if  the  maoclmum  allow¬ 
able  system  pressure  was  exceeded  or  if  any  leaks  occurred  in 
the  system.  The  results  of  this  test  are  shown  in  Table  IX. 

Table  IX.  Results  of  Storage  Test 
(Second-Stage  Design) 


Dry  Bulb 

Time  Temperature 

_ (°F) 


Discharge 

Pressure 

(psig) 


Suction 

Pressure 

(psig) 


1930 

I'A 

212 

35 

2030 

151 

234 

71.5 

2130 

150.5 

236.5 

73 

2230 

152  .y 

2I1O.5 

74 

2330 

152.3 

243.5 

76.5 

0030 

152.  )i 

2i|.2 

86 

0130 

152.2 

2I15 

103 

0230 

152.5 

2)^5. 9 

112 

0330 

152 

241.5 

118 

0)130 

150.8 

240 

124 

0530 

152 

2)i2 

130.5 

0630 

151 -5 

241.5 

137 

0730 

152 

24l 

144.5 

0»30 

150.3 

237.5 

149 

0930 

150 

235 

158.2 

1030 

150.5 

235 

158.5 

1130 

150 

2l|-2 . 5 

NA 

1230 

151.9 

245 

NA 

1330 

150.9 

2llP 

NA 

1)130 

152 

2)ll 

NA 

1530 

151.5 

228 . 5 

NA 

1630 

152 

195 

NA 

1730 

151.2 

150 

149 

IB30 

151 

153 

152 

1930 

150.9 

155 

154 
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(5)  Service  Tests.  The  service  test  conducted  in¬ 
volved  application  of  a  limited  production  run  of  the  400- 
cycle  unit  in  the  communications  huts  of  the  Pershing  and 
Sergeant  Missile  Systems.  U.  S.  Army  Signal  Research  and  De¬ 
velopment  Laboratory^  Port  Monmouth,  New  Jersey,  is  presently 
conducting  a  service  test  on  the  application  of  the  60-cycle 
unit  to  their  communications  huts. 

b .  Analysis  of  Second-Stage  Design  Test  Results. 

(1)  Capacity  and  Performance  Test.  Results  of  the 
capacity  test  indicated  that  the  unit  performs  well  at  the 

95°  P  outside  temperature  with  a  total  capacity  of  6,350  Btu/hr. 
At  125°  F  outside  temperature,  the  unit  produced  a  total  capa¬ 
city  of  5^925  Btu/hr.  This  capacity  is  1.5  percent  belovj  re¬ 
quirements  of  the  specifications.  During  the  latter  portion  of 
the  125°  F  test,  an  increase  in  evaporator  fan  motor  current 
was  noted.  It  was  concluded  that  improper  evaporator  fan  motor 
operation  was  responsible  for  the  low  capacity  of  5^925  Btu/hr. 
This  conclusion  was  borne  out  by  results  of  tests  at  USAERDL 
which  gave  total  capacities  well  in  excess  of  6,000  Btu/hr. 

The  supply  voltage,  frequency,  condensing  pressure,  and  suction 
pressure  were  within  specified  limitations. 

(2)  Sensible  Capacity  Test.  Results  of  the  sensible 
capacity  test  show  a  marked  increase  in  sensible  capacity  of  the 
unit  with  increased  evaporator  inlet  temperatures.  The  power 
input  of  1,720  watts  was  very  high  and  exceeded  the  design  spe¬ 
cifications  of  1,350  watts  by  28  percent.  As  a  result  of  this 
high  power  input,  the  power  factor  was  only  46  percent.  The 
requirements  indicate  that  the  power  factor  shoixld  exceed  60 
percent.  The  increase  in  the  size  (horsepower)  of  the  conden¬ 
ser  fan  was  partially  the  cause  of  the  increased  power  input. 
Further  development  of  a  compressor  motor  is  expected  to  de¬ 
crease  the  power  I'eiiuirement  and  increase  the  power  factor 
rating. 


The  SHF  and  the  performance  factor  are  74  per¬ 
cent  and  3.4  plus  Btu/watt/hr,  respectively.  The  SHF  is  within 
specified  values.  The  performance  factor  is  in  line  with  other 
Corps  of  Engineers  units. 

(3)  Air  Flow  Test.  Results  of  the  air  flow  test  in¬ 
dicate  that  the  second-stage  design  complies  with  the  design 
requirements,  the  requirements  being  a  minimum  of  200  cfm  for 
the  evaporator  fan . 

(4)  Storage  Test.  The  second-stage  design  has  suc¬ 
cessfully  met  all  requirements  that  pertain  to  storage. 


(5)  Service  Tests.  All  deficiencies  found  in  the 
service  tests  have  'been  corrected  in  the  design. 
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c .  Summary  of  Modifications  for  Second-Stage  Design. 

(1)  Structural  Modifications ■ 

(a)  Addition  of  gussets  to  the  frame . 

(b)  Increase  in  size  of  frame  angles. 

(c)  Increase  in  number  of  fan  motor  mounting 

brackets . 

(d)  Relocation  of  frame  angle  holes  for  more 
secure  mounting  of  panels . 

(e)  Redesign  of  control  panel.s  to  change  from 
three  interrupted  recessed  contiol  panels  to  one  contin¬ 
uous  recessed  control  panel. 

(f)  Increase  in  number  of  panel  locking  fasteners. 

(g)  Increase  in  free  face  area  of  the  condenser 
air  Intake  grille. 

(h)  Extension  of  evaporator  drip  pan  to  cover 
entire  bottom  of  evaporator  section. 

(i)  Welding  of  a  metal  retainer  plate  between 
refrigerant  hose  grommets  to  prevent  twisting  of  copper 
tubing  when  attaching  or  removing  flexible  refrigerant 
hoses . 

(2)  Electrical  and  Control  System  Modifications. 

(a)  Replacement  of  four  electrical  relays  with 
one  electrical  relay. 

(b)  Replacement  of  troublesome  low-voltage 
control  system  with  a  high-voltage  control  system. 

(c)  ReplacemeJit  of  non-standard  switches  with 
standard  itiilitary  switche.s . 

(d)  Increase  In  horsepower  rating  of  the  con¬ 
denser  fan  to  insure  operation  within  the  safe  operating 
range . 
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(e)  Addition  of  selector  switch  to  the  auxiliary 
time-delay  unit. 

(f)  Replacement  of  color  coding  wiring  system 
with  a  numerical  coded  wiring  system. 

(g)  Addition  of  a  phase  sequence  device  to  pro¬ 
tect  the  three-phase  motors  against  reversing  of  direction 
of  rotation, 

(h)  Redesign  of  auxiliary  time-delay  unit  elec¬ 
trical  outlet  to  facilitate  easier  connection  and  parallel 
mounting  of  units . 

(3)  Refrigerant  System  Modifications . 

(a)  Relocation  of  the  receiver  charging  valve 
to  permit  easier  charging  of  the  unit. 

(b)  Installation  of  a  moisture-detecting  sight 

glass , 

(c)  Slotting  of  expansion  valve  ball  seat  to 
provide  pressure  equalization  of  the  system  within  3 
minutes  after  downtime. 

(d)  Inclusion  of  optional  solid  tube  inter¬ 
connecting  refrigerant  lines  for  installation  under 
limited  space  conditions, 

( U )  General  Modifications. 


(a)  Attachment  of  plastic -enclosed  wiring  dia¬ 
gram  to  Interior  of  rear  panel  of  condenser  section. 

(b)  Designation  on  panels  with  yellow  paint  of 
the  location  of  the  auxiliary  time-delay  electrical  out¬ 
let;  the  total  weight  of  the  unit;  and  the  power,  fre¬ 
quency,  phase,  and  voltage. 

(c)  Designation  of  the  flexible  refrigerant 
suction  line  hose  connection  grommet  with  an  aluminum- 
colored  "S"  painted  on  the  side  panel  of  each  section 
above  the  approi^riate  connection. 

(d)  Designation  of  the  flexible  refrigerant 
liquid  line  base  connection  grommet  with  a  yellow  "L" 
painted  on  the  side  panel  of  each  section  above  the  ap¬ 
propriate  connection. 
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(e)  Designation  of  the  correct  direction  of 
rotation  of  the  evaporator  fan  and  the  condenser  fan 
located  on  the  base  of  the  respective  motor. 

(f)  Metal  stamping  in  three  places  on  each  end 
of  the  flexible  and  rigid  refrigerant  suction  hose  vith 

an  "S"  and  on  each  end  of  the  flexible  and  rigid  refriger¬ 
ant  liquid  hose  with  an  "L." 

?•  Proposed  Redesign  of  Type  6o  Unit.  The  redesigned  type  60 
unit  is  to  be  operated  on  II5  volts,  50  or  60  cycles,  single-phase 
power,  and  the  general  description  will  be  compatible  to  that  of  the 
original  unit.  The  accessories  will  also  be  the  same. 

The  modifications  incorporated  in  the  type  tOO  second- 
stage  design  will  be  included  in  the  redesign  of  the  type  60  unit 
with  the  exception  of  the  electrical  and  control  system  modifica¬ 
tions.  Only  item  (c)  and  item  (f)  of  paragraph  6c(2),  "Electrical 
and  Control  System  Modifications,"  will  ajjply  to  the  proposed  rede¬ 
sign  of  the  Type  60  unit. 

0.  Trouble  Reports.  During  the  development  of  this  unit  it 
was  necessary  to  procure  a  limited  quantity  of  '^0  units  for  urgent 
requirements  in  Pershing.  A  great  deal  of  first  hand  information 
was  received  on  these  units  through  a  "Service  Trouble  Report"  pro¬ 
cedure  established  with  The  Martin  Company  and  Collins  Radio. 


III.  CONCLUSIONS 

9.  Conclusions .  It  is  concluded: 

a.  The  6,000-Dtu/hr,  standard -weight,  multipackage,  60- 
cycle,  air  conditioning  unit  (type  60)  in  the  present  stage  of  de¬ 
velopment  meets  the  requirements  of  the  military  characteristics  and 
the  purchase  description  excei^t  for  ]ow  cooling  capacity  and  low 
condenser  fan  motor  horsepower.  These  can  be  corrected  in  the  first 
procurement. 

b.  The  6,000-Btu/hr,  standard-weight,  multipackage,  400- 
cycle,  air  conditioning  unit  (type  ^lOO  second-stage  design)  is 
satisfactory  and  meet.s  the  requirements  of  the  military  characteris¬ 
tics  as  outlined  in  the  ijroject  card  and  the  purchase  description, 
except  for  minor  deficiencies. 

c.  The  tested  air  conditioner  design  can  only  be  repro¬ 
duced  by  using  manufacturing  drawings  as  a  purchase  requirement. 


ll-o 

d.  Since  the  400-cycle  version  has  had  the  equivalent 
of  a  Service  Test,  it  is  now  ready  for  type  classification. 

e  A  louver  arrangement  to  deflect  the  condenser  dis¬ 
charge  air  upward  as  done  In  the  Pershing  huts  would  guard  against 
possible  recirculation  and  reduction  of  performance. 
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(2)  Technical  Choractcrlutlua:  Sec  Exhibit  "A"* 
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air  conditioning  requirements  and  to  orient  users  toward  the  military  air  coudl^ 
tloncrs  developed  or  under  dcvclopiuent,  and  In  any  case,  to  minimize  the  number 
of  new  Items  to  be  devclopcda 
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(3)  Feasibility  and  deslsa  studies  will  be  undertoken  to  determine  the  a^a- 
eral  desl^i  and  configuration  o£  the  air  conditioners  most  sulteble  for  satisfy¬ 
ing  tihe  overall  military  reguircmonta.  Detail  designs  will  then  be  prepared  of 
the  particular  capacity  air  conditioners  required,  and  a  pilot  engineering  model, 
foUo^^d  by  engineer  test  models  will  be  fabricated. 

(4)  Upon  delivery  of  teat  items  engineering  teats  will  be  conducted,  with 
modifications  being  mixde  as  required  to  meet  the  technical  characteristics.  She 
modified  items  shall  pass  the  complete  engineering  test  procedures.  Drawings  and 
purchase  deacrlptlono  shell  also  be  modified  to  reflect  the  Items  passing  the 
tests. 

( 5)  Service  test  moddu  sUoU  be  procured  ond  fumisbod  to  the  weapons 
systems  or  application  for  which  tlie  equipment  was  developed. 

(6)  After  all  tests  ond  necessary  revisions  of  the  equipment  have  been  aocom- 
^didicd,  complcto  drawings  and  specif  Icatlons  will  be  prepared  and  forwarded  to 
tin;  Chief  of  lingincoro  together  witli  rccouimondatlonn  regarding  classification  of 
i,quipmont  action  on  tlw  devdopjod  Items. 

0.  OubtasKs!  None. 

d.  Other  informations 

d)  Scientific  ReoQorch:  None 
;2)  Rcfcrcisoess 

(d)  'l>A  lif^D  Directive  Hr.  705"2,  dated  2  Cep  entitled  UHATl'lRS  AND 
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Task  8P7I-II-OOI-O3 

EXHIBIT  "A" 

TECHNICAL  CHARACTERISTICS 
FOR 

AIR  CONDITIONERS,  VAN  TYPE 

I.  The  air  conditioners  shall  he  designed  to  provide  the  en¬ 
vironment  within  the  van,  hut,  shelter  or  enclosure  that  is  neces¬ 
sary  to  insure  proper  operation  oi  the  installed  electronic  or  other 
sensitive  equipment,  and  shall; 

a.  Range  in  capacity  from  6,000  to  1B0,000  BTU/Hr. 

b.  Maintain  temperature,  humidity,  ajcd  fresh  air  circu¬ 
lation  necessary  for  proper  functioning  of  the  primary  equipment  in¬ 
stalled  in  the  enclosure. 

c.  Be  equipped  with  dust  filtering  devices. 

d.  Be  compatible  with  chemical,  biological,  and  radio¬ 
logical  (CBR)  filtering  devices. 

e.  Be  capable  of  being  mounted  on  or  in  the  associated 
van  by  organizational  maintenance  personnel  without  requiring  exten¬ 
sive  nradifications  of  the  van  or  interfering  with  the  efficient 
operation  of  the  primary  equipment. 

f.  Be  sufficiently  rugged  to  withstand  prolonged  cross¬ 
country  hauling  in  a  mounted  piosition  and  be  capable  of  operation 
continuously  for  6  months  without  a  major  overhaul. 

g.  Operate  at  a  noise  level  such  that  3t  will  not  inter¬ 
fere  with  the  efficient  operation  of  the  equipment  in  the  van  or 
shelter.  Appropriate  components  will  be  treated  for  the  elimination 
of  interference  with  radio  communications  in  accordance  with  appli¬ 
cable  Signal  Corps  specifications . 

h.  Be  air  transportable  as  a  part  of  the  item  of  equip¬ 
ment  in  which  it  is  to  be  used,  and  in  the  same  phase  of  airborne 
operations . 


i.  Be  capable  of  operation,  as  specified,  at  one  or  more 
of  the  following  voltages  and  frequencies:  1?.0,  208,  4l6  VAC  and  60 
or  400  cycle. 

j.  Be  capable,  where  required,  of  being  driven  by  either 
a  gasoline  engine  or  aai  electric  motor. 
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I  k.  Have  mechanical  and  electrical  parts  adequately  pro¬ 

tected  to  prevent  Injury  to  personnel. 

1.  Be  as  light  in  weight  and  small  in  bulk  as  is  com- 

I  patible  with  other  requireiaents. 

ra.  Be  constructed  of  readily  available  non-critical 
materials  as  far  as  practicable. 

I  n.  Be  capable  of  being  manufactured  in  quantity  by 

modern  fabrication  methods. 

o.  Be  designed  with  maximum  simplicity  commensurate  with 
their  intended  performance.  Ease  of  operation  and  maintenance  to  be 
considered  in  each  feature  of  design. 

p.  Where  applicable,  the  design  of  the  unit  shall  be 
such  that  its  operation  will  not  interfere  with  local  radar  scanning 

I  devices. 

q.  Be  treated  to  resist  fungus  and  moisture,  as  specified. 

r.  Where  required,  be  capable  of  interior  and  exterior 
mounting  and  be  designed  for  a  maximum  number  of  applications. 

0.  Have  the  inherent  capability  of  acceptable  perform¬ 
ance  under  Basic  Operating  Conditions  and  Extreme  Hot  Weather  Oper¬ 
ating  Conditions  as  established  in  paragraphs  "Je.  and  Jc  of  AR  705-I5, 
except  that  operation  will  not  be  required  at  ambient  temperatures 
of  +60'^F  and  lower;  and  shadl  be  capable  of  safe  storage  and  trans¬ 
portation  under  the  conditions  as  established  in  paragraph  Td  of  AR 
705-1^.  Wliere  electric  heaters  arc  specified  and  are  an  integral 
component,  be  capable  of  providing  the  rated  heating  output  of  the 
unit  at  a  minimum  temperature  of 

t.  Where  necessary,  be  treated  for  the  elimination  of 
interference  with  radio  communications  In  accordance  with  applicable 
Signal  Corps  specifications. 
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